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TITLE; Methods For Detecting And Treating Cancer 
FIELD OF THE INVENTION 

The invention relates to methods and kits for detecting and monitoring 
the progression of cancer, in particular breast cancer. The invention also 
5 includes methods of treating cancer. 
BACKGROUND OF THE INVENTION 

Metastatic breast cancer is the leading cause of death among women 
between the ages of 15 and 54 and affects approximately 13% of women 
during their lifespan. These can be grossly categorized as ductal or lobular 

1 0 depending on their site of origin in normal breast tissue. Tumors usually begin 
as non-invasive cells at the site of tumor origin, spread to surrounding tissue 
in the breast and eventually become fully metastatic and migrate to the lymph 
nodes and other parts of the body. There is increasing evidence that cell-cell 
adhesion is a potent suppressor of metastatic breast cancer progression 

1 5 (Berx and Van Roy, 2001 ). 

CD34 was initially identified over 20 years ago as an hematopoietic 
stem cell and vascular endothelial marker and has alternatively been 
proposed to act as an: 1) enhancer of proliferation, 2) a blocker of 
differentiation, 3) bone marrow homing receptor, 4) cell adhesion molecule, 

20 and 5) a blocker of cell adhesion (Fackler et al, 1996, Krause et al. Blood, ' 
1996. Baumhueter et al. 1993). Deletion of the CD34 gene in mice has only 
served to fuel this debate as these mice are relatively normal with very subtle 
defects in hematopoietic and vascular function. The most clear-cut 
experiments suggest that CD34-type proteins can act as either pro-adhesive 

25 or anti-adhesive molecules depending on their glycosylation status (Satomaa, 
2002, Baumhueter et al., 1993 and Bistrup et al., 1999). 

Podocalyxin, (also called ppdocalyxin-lrke protein 1 (PCLP-1), Myb-Ets- 
transformed p/ogenitor (MEP21) or thrombomucin) is a heavily sialylated and 
sulfated integral membrane glycoprotein that interacts with the actin 

30 cytoskeleton. It belongs to the CD34 family of sialomucins and is highly 
expressed on the surface of hematopoeitic progenitors, vascular endothelia 
and podocytes which form a tight junction-free epithelial meshwork that 
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surrounds glomerular capillaries in the kidney (Kerjaschki et al 1984 
Kershaw et al., 1995; McNaanv el al i«or> c „ 

' i" 7 )- Evidence suggests that th* 

pnmary function of this molecule is to act as a w, „r , , 

bio* inappropriate cel. adhesion. mO,e0Ular " Tefl ° nT "" t0 

5 upreou!a,ad ,r,S,an ' ia ' eViden0e SU " eS,S "* POdOCa,yX,n e ~" ™y be 
upregulated ,n a vanety of neoplastic scenarios. For example podocaLn 

zz? id r ed as - -.cs 

expressed on human embryonal carcinomas. (Schopparla a, al 2002) ,n 
add-on, the human podooalyxin gene (PODXL) has been aas^ed to 

olose to the 7 q 35ter region that has been identified as a gain site bv 
comparative genomic hybridization in ductal carcinoma in ^ 
du«a i carcnoma and in lymph node metastasis (Aube.e et a.., 2000 C 
whUa rt ,s no, ye, dear whether the PODXL gene is amplified in breasi 

Z r T" eXPreSSk,n be UndU ' y a -arby amp 1 

Under anemic conditions ,he inventors have recenfiy shown tha, Podoc^ „ 

sub TT K UPre9U ' ated m ° USe e ™ > r °~ -* (MoNaT y 
submmed unpublished obs). Therefore, podooalyxin express* may be 
s,m„ ari y upregulated in necrotic breast carcinomas where hypoxia-nL-ated 

nr.trr? acuva,ed (Adeyinka - *• 2 °° 2) « ,hfe ~ 

the case „ would have functionally important implications as tumor hypoxia 
Til I S °" d tUm0r Pro9reSSi ° n and Harris, ^ 

a, 2 S Pro9reSSi ° n SPe0ffl0a " y <BOS « a '- 2 ° 03; He '~ « 

I Using homologies presen, in ,he cytoplasmic ,ai.s of CD34 and 

podocalyxm. endoglycan was identified as a novel member of this family o, 
glycoproteins. Endoglycan mRNA and protein were detected Tn both 
endoiheiia. catls and CD34 + bone marrow cells (Sasse« I a, 2000, 
Endoglycan, „ke CD34 and podooalyxin can tuncfio as a ^n lland 
B dog yean utiifces a different binding mechanism, inte.cfing £££ 
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SUMMARY OF TH E INVENTION 

The present inventors have shown that endoglycan is an antagonist of 
podocalyxin, a novel prognostic indicator of tumor metastasis (see co-pending 
application of McNagny et al.. application number 60/476,622). 

Accordingly, in one embodiment, the present invention provides a 
method for detecting cancer in a patient comprising: 

(a) obtaining a sample from the patient; 

(b) determining the level of endoglycan in the sample; and 

(c) comparing the level of endoglycan in the sample to a control 
sample, wherein decreased levels of endoglycan as compared to the control 
indicates that the patient has cancer. 

In a further embodiment, the present invention provides a method for 
detecting cancer in a patient comprising: 

(a) obtaining a sample from the patient; 

15 (b) determining the level of endoglycan and podocalyxin in the 

sample; and 

(c) comparing the ratio of endoglycan to podocalyxin in the sample 
to a control sample, wherein a decreased ratio of endoglycan to podocalyxin 
as compared to the control indicates that the patient has cancer. 

In another embodiment, the present invention provides a method for 
monitoring the progression of cancer in a patient, comprising: 

(a) obtaining a sample from a patient; 

(b) determining the level of endoglycan in the sample; 

(c) repeating steps (a) and (b) at a later point in time and comparing 
the result of step (b) with the result of step (c) wherein a difference in the level 
of endoglycan expression is indicative of the progression of the cancer in the 
patient. 

In a further embodiment, the present invention provides a method for 
monitoring the progression of cancer in a patient comprising: 
30 < a ) , obtaining a sample from a patient; 

(b) determining the level of endoglycan and podocalyxin in the 
sample; 



20 



25 
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(c) repeating steps (a) and (b) at a later point in time and comparing 
the result of step (b) with the result of step (c) wherein a difference in the ratio 
of endoglycan to podocalyxin is indicative of the progression of the cancer in 
the patient. 

5 In another embodiment, the present invention provides a method for 

determining whether or not a cancer is metastatic in a patient comprising: 

(a) obtaining a sample from the patient; 

(b) detecting the level of endoglycan in the sample; and 

(c) comparing the level of endoglycan in the sample to a control 
10 sample, wherein decreased levels of endoglycan as compared to the control 

indicates that the cancer is metastatic. 

In a further embodiment, the present invention provides a method for 
determining whether or not a cancer is metastatic in a patient comprising: 

(a) obtaining a sample from a patient; 

15 (°) detecting the level of endoglycan and podocalyxin in the sample; 

and 

(c) comparing the ratio of endoglycan to podocalyxin in the sample 

to a control sample, wherein a decreased ratio of endoglycan to podocalyxin 

as compared to the control indicates that the cancer is metastatic. 
20 In preferred embodiments of the invention, the above methods are 

used to detect breast cancer. 

The present invention includes methods of treating cancer by 

modulating, preferably agonizing, the levels of endoglycan on the cancer. 

The application also includes methods for the identification of compounds that 
25 modulate the biological activity of endoglycan that may be used for the 

treatment of cancers with decreased expression of endoglycan. 

Accordingly, the present invention provides a method of modulating 

cancer cell growth by administering an effective amount of an agent that 

modulates endoglycan to a cell or animal in need thereof. 
30 The present invention also includes screening assays for identifying 

agents that modulate endoglycan and that are useful in modulating cancer cell 

growth. Agents that modulate include agents that stimulate endoglycan 
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25 a ~ , and a9ente - ,nhibit e * 

Accordingly, the present invention provides a method for identity™ e 
compound that modulates endoglycan comprising- 

5 encodillTT 9 3 teS ' C ° mP0Und W " h end ° 9,yCa " ° r a «"■* acid 
encoding endoglycan; and 

expressly? 1 "'" 9 ^ °' *" """""^ °" «**«" -Mr or 
express.on and comparing with a control (i.e. in the absence of the test 

ZZt 01 ,ndica,es ,hat the test °°~ -*«- 

The present invention includes pharmaceuacal compositions containing 

ovLT n"° dUla,0re " 8nd09,yCan - - ~ ^venZ 

15 Ik PharmaCeU,iCal c ~«°" use in modulating cancer cel. 
15 grow* comprising an effective amount of endoglycan modulator in JZZ 
with a suitable diluent or carrier. acmixture 

In one embodiment, the present invention provides a pharmaceutical 
compose for use in treating cancer comprising an effect amouTo ^n 
endogiycan agonist in admixture with a suHabie diluent or carrier 

Other features and advantages of the present invention wil. become 
apparent from the following detailed description. I, should be ^Zd 
however, the, the detailed description and ,he specific examples th e 
nd, a mg preferred embodiments of the invention are given by way of 

z^rx beoome ~ ,o ski,,ed in - - - 

■BRIEF DESCRIPTION nr T^p p—.^,^ 

^ The invention win now be described in relation ,„ the drawings in 

' and JiTrlrrK 0034 family lndUdin9 ** ™° -ohfe 
and sp, c,„g. (A ) Schematic showing the hypothetical structure of CD34 

Podocalyxm, and Endoglycan based on predicted protein seguences 2 
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published date. Blue boxes = mucin domains. green boxes = the cysteine . 

2 7Z:r* * ctes = po,en,ial N - Iinked 

w„h orwrthout arrows = potent 0-ilnxed carbonydra.es. arrows = potentia. 
s,a.,o ao,d m « on O-Hnked oarbohydra.es, PKC, CK2 and TK = potentia 
5 phosphorylation sl.es. ( B, Genomic organization of human cd 34 , p" 

database. (C, Alternative spHctng of CD34-fami,y transcripts and .heir 

ZZZZ Pr0teln ^ « EST8 ' cDNA oiones 

and genome loo, suggest .ha., for all three family members, splioing between 

Z" to re8Utt8 IO " 9er CDNAS "* P ~ —i"- ~ 

lead to truncation of the cytoplasmic domains. 

homoli's 9 " 9 2 SKOWS h ° m0,09ieS bS,Ween 0034 fami1 ^ orth °"^ — 

15 e„H~„ F ' 9Ure 3 Sh ° WS SPeCm0ity °' ra ' antibody F4B10 to 

15 endoglycan compared to other CD34 family members. 

bv m IT." 4 T"* redPr0Ca ' eXPreSSi ° n ° f and Podocalyxin 

by metastabc and non-me.aste.ic breaa. carcinoma lines. FACS proL 

howmg Endoglycan and Podocalyxin expression by .he metesten Tn 

poized ca,,. MDA-231 and the non-meteatebc. polarized cat. line MCF-7 

retelT 8 r T* an ' ib0dy 5teWn9 - B *"" iS a — <** to show 
retebve levels of Podocalyxin in these lines. MCF-7 and a aecond noT 

:zt ,ine r D) express hi9h ,eveis ° f -~ Z 

pic! MDA-231 , a metastatic line expresses high levels of 

Podocalyxin and no Endoglycan. 

25 ce,., R9 T 58h<>,Wfai,UreOfeC,OP,CEnd09lycanex P re -'o"toblockmast 
cel. a 3gregaton . (A) ^ ^ from ^ an<j ™- - 

P MXp,e retrovirus alone were plated a, similar densittes ter as ^manTo 
aggraga t,o„. Orapha show date from two independently derived bone I™ 
mast cell cultures. (B) cdZ^/cd^- m*o* .. • * 
30 containing CD34^ CD3 4 - or End™, ' ""^ PMXpfe 
independent interns ° 9 ' yCan - ) GraPhS ^ data *»» «"» 
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DETAILED DFSCTRIPTim, oc t uc . Tfrfmnf 
I- Diagnostic Methods 



and T47D where podooalyxin levels are low. ,„ contras , enri , 
expression is negative in the MDA »<m . «»*■•«. endoglycan 

high levels ofZJl JT T . ' Um0r ' ine °° mPared '° 

seguences in the "^1 ^ J"***"" and P*-W. have simitar 

10 arsonist Jp^r E 8 n n i:r a,n ' Snd ° 9,yCan W 3 

polarity and LktT'. nd ° 9 ' yCan ma " promote maintain oell 

oytosReleton through binding to NME^ ! ' ™" *° b ' nd '° act,n 
a^sinoeendoLan ^^^^J^ «~ 

» NHERF ^ a ° ,in ~ to " « — ™y^ n 

ptogn^rtrr^rr n ,eve,s may te - * - 

^oahoa ot s^ts 'J^Z^Z SiTS £ 
nron^otthe progress o, patlenu wHh eodog.yoan reiatZlT 

oan :;r:c invertion - a — * ~- — 

(a) obtaining a sample from the patient- 

(b) detesting the level otendoglycan In'the sample; and 

samp^rr^ r 0 ;r r in ,he ~ - a — 

.ndioates that the patien, has £L " '° ,he «"** 
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Evaluating endoglycan levels relative to podocalyxin levels may also be 
used in the prognostic and diagnostic evaluation of cancers involving 
endoglycan. the identification of subjects with a predisposition to such 
cancers, and in the monitoring of the progress of patients with endoglycan 
related cancers. 

Accordingly, in another embodiment of the invention, a method is 
provided for detecting cancer in a patient comprising: 

(a) obtaining a sample from the patient; 

(b) determining the level of endoglycan and podocalyxin in the sample; 



(c) comparing the ration of endoglycan to podocalyxin in the sample to 
a control sample, wherein a decreased ratio as compared to control indicates 
that the patient has cancer. 

The term endoglycan includes all of the known endoglycan molecules 
including those deposited in GenBank under accession number AF219137 or 
those referred to in Sassetti et al. (Sassetti C. Van Zante A. and SD Rosen 
(2000) Identification of Endoglycan. a Member of the CD34/Podocalyxin 
Family of Sialomucins. Journal of Biological Chemistry. 275(12):9001) as well 
as any isoforms. variants, analogs, derivatives or fragments thereof that are 
20 useful in detecting cancer. 

The term "podocalyxin" as used herein is synonymous with 
ppdocalyxin-like protein I (PCLP-1), Myb-Ets-transformed progenitor 
(MEP21) or thrombomucin and is a heavily sialyated and sulfated integral 
membrane glycoprotein that interacts with the actin cytoskeleton. The term 
podocalyxin includes all of the known podocalyxin molecules including those 
deposited in GenBank under accession number U97519 or those referred to 
in Kershaw et al. (Kershaw DB. Beck SG. Wharram BL. Wiggins JE. Goyal M 
Thomas PE. Wiggins RC, Molecular cloning and characterization of human 
podocalyxin-like protein. Orthologous relationship to rabbit PCLP1 and rat 
podocalyxin. J Biol Chem. 1997 Jun 20;272(25):1 5708-14) as well as any 
•soforms. variants, analogs, derivatives or fragments thereof that are useful in 
detecting cancer. 
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The phrase "detecting the level of endoglycan" and "detecting the level 

SETS? T udes - de,eo,ion of ,he teve,s of " " 

5 dtC" e,e °" n9 Pr0,einS ^ — — - — - * — - 
Endoglycan and podocalyxin are alternatively spliced to give two 

sTortT, , Prote ' n ^ ^ ^ 8 l0 " 9 - - one jTa 

thetrer' 0 ^ COnSeqUen " y • 3 "** «*°*«* - »— * 

The term "cancer as used herein includes all cancers that are 

ZTLT deoreased expression of end09l - an - a ~ 

"dnol Can06r ' S bre3St C8n0er ' ™ re — * i-vasive breast 

15 The term "sample from a patient" as used herein means any sample 

containing cancer cells tha, one wishes to detect inciuding. bu, no, . mtted to 

,,ssue freshly harvested - ^ 

stl, t ' nCUbated " 06,1 CUl,UreS - a -bodimen, ft. 

sample is breast tissue. 

20 establish T "° 0n,r01 SamP ' S " ' nClUdeS any ,hat «" be used to 

htT ° r TOrmal teVel ' and ^ iTOlUde fesue s-P'es taken from 

healthy persons or samples mimicking physiological fluid 

of „ ^ meth ° d ° f inVen,i0n ^ ° e US9d in "» dia 9"osis and Staging 
'5 "'^'""-^oance, The invention may also be use Z 
■ monitor the progression of a cancer and to monitor whether a parflcula^ 

~ ' S ° r * P—*. .he method can be used to" 

lenl M ~ °' a " ^ ,i5SUe fo "°»"* «W. cancel 
chemotherapy, end/or radiation therapy. The methods can further £ used to 

monitor cancer chemotherapy and tumor reappearance 

0 I" an embodiment, the invenflon contemplates a method for monitoring 

■he progression of cancer in a patient, comprising. ^ 
(a) obtaining a sample from a patient; 
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(b) determining the level of endoglycan expression in the 

sample; 

(c) repeating steps (a) and (b) at a later point in time and 
comparing the result of step (b) with the result of step (c) wherein a difference 

5 in the level of endoglycan expression is indicative of the progression of the 
cancer in the patient. 

In particular, decreased levels of endoglycan at the later time point may 
indicate that the cancer is progressing and that the treatment (if applicable) is 
not being effective. In contrast, increased levels of endoglycan at the later 
10 time point may indicate that the cancer is regressing and that the treatment (if 
applicable) is effective. 

In a further embodiment, the invention contemplates a method for 
monitoring the progression of cancer in a patient, comprising: 
(a) obtaining a sample from the patient; 
15 (b) determining the level of endoglycan and podocalyxin in the sample; 

and 

(c) repeating steps (a) and (b) at a later point in time and comparing 
the result of step (b) with the result of step (c) wherein a difference in the ratio 
of endoglycan to podocalyxin is indicative of the progression of the cancer in 
20 the patient. 

The inventors have also shown that endoglycan is a marker of tumor 
metastasis. Accordingly, the present invention provides a method of 
determining whether or not a cancer is metastatic in a patient comprising: 

(a) obtaining a sample from the patient; 
25 (b) detecting the level of endoglycan in the sample; and 

(c) comparing the level of endoglycan in the sample to a control 
sample, wherein decreased levels of endoglycan as compared to the control 
indicates that the cancer is metastatic. 

In a further embodiment, the present invention provides a method of 
30 determining whether or not a cancer is metastatic in a patient comprising: 

(a) obtaining a sample from the patient; 
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(b) detecting the level of en 

and 



(b) detecsng the ,eve. of endoglycan and podocalyxin in .he sample; 

con JsaZT? ^ " end ° 9lyCan 10 P ° d0Ca * xin in ,he «° - 

control sample, wherem a deceased ratio of endoglycan to podocalyxin as 

5 oompared to fte control indicates tha, the cancer Is metastatic 

A variety of methods can be employed for the above described 
d-agnoshc and prognostic evaluation of cancers involving endoglycan 2 Z 
" - * Position ,o such disoZs S 

10 enl m ^ eXamP ' e ' *• detec «°" * nucleic acid molecuta 

(a) Methods fnr netec tlnq Mucleic Anlrt M afegj^ 
15 detect r !"" emb0dimen, • the °f the invention involve the 

*"* "*"" c,0 *»' A -»-w U Ha>Uu , 
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acid probes may be used to detect genes, preferably in human cells, that 
encode endoglycan (and podocalyxin). The nucleotide probes may also be 
useful in the diagnosis of disorders involving an endoglycan in monitoring the 
progression of such disorders; or monitoring a therapeutic treatment. In an 
embodiment, the probes are used in the diagnosis of, and in monitoring the 
progression of cancer, preferably breast cancer. 

The probe may be used in hybridization techniques to detect genes 
that encode endoglycan (and podocalyxin) proteins. The technique generally 
involves contacting and incubating nucleic acids (e.g. recombinant DNA 
molecules, cloned genes) obtained from a sample from a patient or other 
cellular source with a probe under conditions favorable for the specific 
annealing of the probes to complementary sequences in the nucleic acids. 
After incubation, the non-annealed nucleic acids are removed, and the 
presence of nucleic acids that have hybridized to the probe if any are 
15 detected. 

The detection of nucleic acid molecules may involve the amplification 
of specific gene sequences using an amplification method such as 
polymerase chain reaction (PCR), followed by the analysis of the amplified 
molecules using techniques known to those skilled in the art. Suitable primers 
20 can be routinely designed by one of skill in the art. 

Hybridization and amplification techniques described herein may be 
used to assay qualitative and quantitative aspects of expression of genes 
encoding endoglycan (and podocalyxin). For example, RNA may be isolated 
from a cell type or tissue known to express a gene encoding endoglycan (and 
podocalyxin), and tested utilizing the hybridization (e.g. standard Northern 
analyses) or PCR techniques referred to herein. The techniques may be used 
to detect differences in transcript size which may be due to normal or 
abnormal alternative splicing. The techniques may be used to detect 
quantitative differences between levels of full length and/or alternatively splice 
transcripts detected in normal individuals relative to those individuals 
exhibiting symptoms of a cancer involving an endoglycan protein or gene. 
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pnmere and P«*- may be used .n the above deecribed methods 

Hl^ T ° n " 8SUe 860,10,18 ^ and/ °' frOZen > ° f « 
obtained from biopsies or resections. 

Accordingly, the present invention provides a method of detecting 
5 cancer in a patient comprising: reeling 

(a) obtaining a sample from the patient; 

(b) extracting nucleic acid molecules' comprising the endoglycan 
gene or portion thereof from the sample- aoQ'ycan 

io vJLZESZ' " nuc,eic ao,d moleoutes usine ,he 

(•> compering the level of endoglycan in the sample to e control 
sample, wherein decreased levels o, endoglycan as compared to the con to 
15 .ndicates that the patient has cancer. 

caw™ 6 PreSem inVentk>n a ' SO Pr0VlaeS 3 method « de,ecti "3 «ncer in a 
patient compnsing: 

(a) obtaining a sample from the patient; 

(b) extracting nucleic acid molecules' comprising the endoglycan 

(c) amplifying 
polymerase chain reaction; 

25 „*J* ^ PreSe " Ce « nucleio •* ™'«="<es encoding 
25 endoglycan and podocalyxin; and 

to a , ( °l , °° mParin9 * 9 ^ 0,end °8 | >«= a " *» Podocaiyxin in the sample 
to a conao, eampte, wherein a decreased mo o, endog,ycan ,o podocaiyxin 

as oompemd to the comro. indicates that the patient has cancer 
ff>) Methods fn r Oetafji^ Pr„ |-i ni 

30 , n another embodiment, the methods of the invention involve the 

de.ec, of the endoglycan (and podocalyxin, protein. ,n one embodiment 
*e endoglycan protein is detected using antibodies tha, spec.fica.ly bind ,o 



(o) amp.ify.ng the extracted nucleic acid molecules using the 
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endoglycan (and the podocalyxin protein is detected using antibodies that 
specifically bind to podocalyxin). 

Antibodies to the endoglycan (and podocalyxin) may also be prepared 
using techniques known in the art. For example, by using a peptide of a 
endoglycan (or podocalyxin), polyclonal antisera or monoclonal antibodies 
can be made using standard methods. A mammal, (e.g., a mouse, hamster 
or rabbit) can be immunized with an immunogenic form of the peptide which 
elicits an antibody response in the mammal. Techniques for conferring 
immunogenic.^ on a peptide include conjugation to carriers or other 
techniques well known in the art. For example, the protein or peptide can be 
administered in the presence of adjuvant. The progress of immunization can 
be monitored by detection of antibody titers in plasma or serum. Standard 
ELISA or other immunoassay procedures can be used with the immunogen as 
ant,gen to assess the levels of antibodies. Following immunization, antisera 
can be obtained and, if desired, polyclonal antibodies isolated from the sera. 

To produce monoclonal antibodies, antibody producing cells 
(lymphocytes) can be harvested from an immunized animal and fused with 
myeloma cells by standard somatic cell fusion procedures thus immortalizing 
these cells and yielding hybridoma cells. Such techniques are well known in 
the art, (e.g., the hybridoma technique originally developed by Kohler and 
Milstein (Nature 256, 495-497 (1975)) as well as other techniques such as the 
human B-cell hybridoma technique (Kozbor et al., Immunol. Today 4 72 
(1983)), the EBV-hybridoma technique to produce human monoclonal 
antibodies (Cole et al. Monoclonal Antibodies in Cancer Therapy (1985) Allen 
R. Bliss, Inc., pages 77-96), and screening of combinatorial antibody libraries 
(Huse et al., Science 246, 1275 (1989)). Hybridoma cells can be screened 
.mmunochemically for production of antibodies specifically reactive with the 
peptide and the monoclonal antibodies can be isolated. 

The inventors have created a monoclonal antibody to 
endoglycan (Example 1). Accordingly, in another embodiment the 
endoglycan protein is detected using a monoclonal antibody raised against a 
peptide of SEQ. ID. NO. 1 that specifically binds to endoglycan 
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The term "specifically binds to endoglycan" means reactivity against 
endoglycan is clearly distinguishable from any reactivity against CD34 or 
podocalyxin. 

The term "antibody" as used herein is intended to include fragments 
thereof which also specifically react with an endoglycan or fragments thereof 
(or a podocalyxin or fragments thereof). Antibodies can be fragmented using 
conventual techniques and the fragments screened for utility in the same 
manner as described above. For example, F(ab')2 fragments can be 
generated by treating antibody with pepsin. The resulting F(ab')2 fragment 
can be treated to reduce disulfide bridges to produce Fab' fragments. 

Chimeric antibody derivatives, i.e., antibody molecules that combine a 
non-human animal variable region and a human constant region are also 
contemplated within the scope of the invention. Chimeric antibody molecules 
can .nclude, for example, the antigen binding domain from an antibody of a 
mouse, rat, or other species, with human constant regions. Conventional 
methods may be used to make chimeric antibodies containing the 
•mmunoglobulin variable region which recognizes the gene product of 
endoglycan antigens of the invention (See, for example, Morrison et al Proc 
Natl Acad. Sci. U.S.A. 81,6851 (1985); Takeda et al., Nature 314 452 
(1985), Cabilly et al., U.S. Patent No. 4,816,567; Boss et al., U.S. Patent 
No. 4,816,397; Tanaguchi et al., European Patent Publication EP171496- 
European Patent Publication 0173494, United Kingdom patent GB 
2177096B). It is expected that chimeric antibodies would be less 
immunogenic in a human subject than the corresponding non-chimeric 
25 antibody. 

Monoclonal or chimeric antibodies specifically reactive with a protein of 
the invention as described herein can be further humanized by producing 
human constant region chimeras, in which parts of the variable regions 
particularly the conserved framework regions of the antigen-binding domain' 
are of human origin and only the hypervariable regions are of non-human 
or.g,n. Such immunoglobulin molecules may be made by techniques known 
.n the art, (e.g., Teng et al., Proc. Natl. Acad. Sci. U.S.A., 80, 7308-7312 ' 
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(1983); Kozbor et al., Immunology Today, 4, 7279 (1983); Olsson et al., Meth. 
Enzymol., 92, 3-16 (1982)), and PCT Publication WO92/06193 or EP 
0239400). Humanized antibodies can also be commercially produced 
(Scotgen Limited, 2 Holly Road, Twickenham, Middlesex, Great Britain.) 
5 Specific antibodies, or antibody fragments, such as, but not limited to, 

single-chain Fv monoclonal antibodies reactive against endoglycan (or 
podocalyxin) may also be generated by screening expression libraries 
encoding immunoglobulin genes, or portions thereof, expressed in bacteria 
with peptides produced from the nucleic acid molecules of endoglycan. For 
10 example, complete Fab fragments, VH regions and FV regions can be 
expressed in bacteria using phage expression libraries (See for example 
Ward et al., Nature 341, 544-546: (1989); Huse et al., Science 246, 1275- 
1281 (1989); and McCafferty et al. Nature, 348, 552-554 (1990)) 
Alternatively, a SCID-hu mouse, for example the model developed by 
15 Genpharm, can be used to produce antibodies or fragments thereof. 

Antibodies specifically reactive with endoglycan (and podocalyxin), or 
derivatives, such as enzyme conjugates or labeled derivatives, may be used 
to detect endoglycan (and podocalyxin) in various samples (e.g. biological 
materials). They may be used as diagnostic or prognostic reagents and they 
20 may be used to detect abnormalities in the level of protein expression or 
abnormalities in the structure, and/or temporal, tissue, cellular, or subcellular 
location of an endoglycan (and podocalyxin). In vitro immunoassays may also 
be used to assess or monitor the efficacy of particular therapies. The 
antibodies of the invention may also be used in vitro to determine the level of 
25 expression of a gene encoding endoglycan (and podocalyxin) in cells 
genetically engineered to produce an endoglycan (and podocalyxin) protein. 

The antibodies may be used in any known immunoassays which rely 
on the binding interaction between an antigenic determinant of endoglycan 
(and podocalyxin) and the antibodies. Examples of such assays are 
30 radioimmunoassays, enzyme immunoassays (e.g. ELISA) 
immunofluorescence, immunoprecipitation, latex agglutination' 
hemagglutination, and histochemical tests. The antibodies may be used to 
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demand „ e ndog,ycan (and ^ _ 

detennine rts rote in cancer and to diagnose the cancer 

in particular, the antibodies of the invention may be used in immune 
testechem,ca, ana^ses, for exampte. at fhe ceiiuiar and sub-subceiiuiar Z 
5 to detect an andean protein (and a podocaiyxin protein), ,o iocalize . u> 
parhouiar oeiis and ussues. and fo specific subceiteiar .Lens and o 
quantitate the level of expression. 

Cytochemical techniques known in the art for teoalizing anugens using 
l.gh, and eiectron microscopy may be used «o detect endog^can (and 
10 podoca Generaiiy. an antfcody of the invention may be iabeTvTa 

~ T ame and an end09,ycan (and podoca ^> "Tb. 

local sed ,n bssues and cells based upon the presence of the detectable 

h *Z T 8 of de,eoteb,e sul ~ b « « - «tt 

e fo^wmg: ra d,o,so,o P es (e.g., 3 H , »c, »S. »-„, fluorescent labe| 
e.g FITC. rhodamme, lanthanide phosphors), luminescent labeis such as 
lumn* enzymaUc labels (e.g., horseredish peroxidase, bete-gaiactosiaase 
Unerase. alKaline phosphatase, acetytehCinesterese,. bteBny, greups (wh 
can be detected by marked avidin e.g.. streptavidin containing a thlllm 

'o 22 IT en TT ic ac,ivi,y that can be detected * «*- - 

reolr ' Pre T termined e P»°P- -ognized by a secondary 

reporter (e.g.. teucine zipper pair sequences, binding s«es tor seconded 
anbbod.es, meta, binding domain,, epitope tegs,. ,n some embodiment 

teno 7^ ^ SPaC6r ^ ° f Vari ° US ten9,hS to — PO'^ 
stenc h.ndrance. Antibodies may aiso be ooupied to electron dense 

5 rsirr ^ or — 9ow ' - - -* — ^ 

The antibody or sample may be immobilized on a carrier or solid 
support which is capabie of imaging ceiis. antibodies etc. For ex m pt 
the earner or support may be nitroceiiuiose. or glass. poiyacryiamT « 
) uabbros, and magnetite. The support materia, may have iny C b e 

a 2r h ding sphericai <•* bead> ' <•«■ 

a -est tube or we,,, or the externa, surface of a rod,, or flat (e.g. sheet, tea! 
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stnp). Indirect methods may also be employed in which the primary anfgen- 
anbbody reaction is amplified by the introduction of a second antibody, having 
specificity for the antibody reactive against endoglycan (and podocalyxin) 
protein. By way of exampie. if the antibody having specificity against 
endoglycan protein is a rabbit IgG antibody, the second antibody may be goat 
anfrabbit gamma-globulin labeled with a detectable substance as described 
herein. 

Where a radioactive label is used as a detectable substance 
endoglycan (and podocalyxin) may be localized by radioautography. The 
resuits of radioautography may be quantitated by determining the , density of 
Pamelas in the radioautographs by various optical methods, or by counting the 
grains. 

Labeled antibodies against endoglycan (and podocalyxin) protein may 
be used in locating tumor tissue in patients undergoing surgery i.e. in imaging. 
Typ,caily for ,n vivo applications, antibodies are iabelad with radioactive labels 
(•«. iodine-123. iodine-125. iodine-131, gallium-67. teohnetium-gg, and 
jnd.um-111). Labeled antibody preparations may be administered to a patient 
intravenously in an appropriate carrier at a time several hours to four days 
before the tissue is imaged. During this period unbound fractions are cleared 
from the patient and the only remaining antibodies are those associated with 
tumor tissue. The presence of the isotope is detected using a suitable gamma 
camera. The labeled tissue can be correlated with known markers on the 
patent s body to pinpoint the location of the tumor for the surgeon 

Accordingly, in another embodiment the present invention provides a 
method for detecting cancer in a patient comprising: 

(a) obtaining a sample from the patient; 

(b) contacting the sample with an antibody that binds to 
endoglycan; 

(c) detecting the level of endoglycan in the sample; and 

(d) comparing the level of endoglycan in the sample to a control 
samp e, wherein decreased levels of endoglycan as compared to the control 
indicates that the patient has cancer. 
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Accordingly, in another embodiment the present invention provides a 
method for detecting cancer in a patient comprising: 

(a) obtaining a sample from the patient; 

(b) contacting the sample with a first antibody that binds to 
5 endoglycan and a second antibody that binds to podocalyxin- 

^ (c) Electing the level of endoglycan and podocalyxin in the sample; 

<d> comparing the ratio of endoglycan to podocalyxin in the sample 
to a control sample, wherein a decreased ratio of endoglycan to podocalyxin 
10 as compared to the control indicates that the patient has cancer 

in a specific embodiment of the Invention, breast tissue samples can 
be screened using an anti-endoglycan antibody, such as the monodona, 
anybody of Example 1 (and an anti-podocalyxin antibody,. Anfibody binding is 
detected using an appropriate detection system, preferably the Envision 
derecon system, and staining is scorad baaed on the intensity of cellular 

TZT P ? POrtl ° n Steined - 7,881,8 8amPteS ™ 

0 (strong endoglycan staining in the majority of tumor cells, (and no 

d.scernable podocalyxin staining)). »,» (a mixture of weak and intense 
membrane staining for endoglycan (and podocalyxin)), "2" (weak endoglycan 
(and strong podocalyxin), staining in the majority of tumor cells) or "3» (no 
dtscernable endoglycan staining, and (high podocalyxin staining)). Tissue 
samp es exh,biting no discernable endogiycan staining in the majority of tumor 
cells (and h,gh podocalyxin staining) (designated »3-) have a significantly 
poorer outcome when compared with the other thrae designations. 
25 II. Kits 

The methods described herein may be performed by utilizing pre- 

C ° mP,iSin9 "* nera88a,y rea9ertS to > arf ™ U of 

22 , ,men,>0n - ^ eXamP ' e - ' he m ™< *< - 

30 u eTe o , an<ib0dy «"* ™* te — fiy 

Z id Settin9S ' *° ^ dia9nMe pa ' iente — » **een 

and ,den«y those .ndivlduals exhibiting a predispose to developing cancer 

The k„s may also include nucleic acid primers for amplifying nucleic acids 
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encoding endogiycan (and podocalyxin, in the poiymerase chain reaction. 

rioTjT ' Ude nU ° ,e0,ideS ' enZVmeS a " d bUffere *e 

mrihod of the ,nven„o„ as we,l as e te Crophore.ic markers such as a 200 bp 

ladder The « wi„ a,so include debited ins.ruc.ions for carrying ou, .he 
5 methods of the invention. • 
Therapeuti c Methnrfc 

The finding by the presen. inventors that endoglycan is involved in 
tumor progress™ aliows me deveiopmen. of therapies to treat cancer 
.nc,ud,ng the identification of compounds that moduiato endogiycan Z 
10 presen mvention includes methods of treating cancer by moduiafing 
preferably aCvafing or stimuteting. the teveis of endogiycan on .he cancer 
The app| lcatlon also inc|gdes methods for ^ |den( ^ , 

rial: r bio,o9icai acavi,y o,end ° 9,ycan thai -»» - — EE 

treatment of cancers with decreased expression of endogiycan 
15 Accordingly, me present invention provides a method of modulating 

cancer cei, growth by administering an effective amount of an agent that 
moduia.es endogiycan to a cell or animal in need thereof 

above intrn? nd09lyCan '' "* * ~ ^ - - — 
20 The phrase "agent that modulates endogiycan" includes any agent that 

can sbmutete or achate endogiycan (i.e. endogiycan agonists) as J, as Z 
agen. .ha, can inhibi. or suppress endogiycan (i.e. endogiycan antagoZ, 
Specrfic examples of endogiycan modulators are given below 

<5 inhih/ 116 PhraSS " m0dU ' a,e 06,1 9TOW,h " as used »«*> 'efers to the 

5 nh,b,bon or suppression as wel, as the activation or stimulation of the 

tormabon.differenfiation.growmordevelopmentofcancercel.s 

The phrase "effective amount" as used he re in means an amount 

~a o T °' Bme " ,o - 

results (e.g. m e modulation of cancer cell growfi,). Effective amounts of a 

m0l r te f ^ ^ aCCOrdi " 9 to fa «- — as the disease state age six 

Z t an,ma '- 005396 ^ ^ * P-ide LZZ 

therapeubc response. For example, several divided doses may be 
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popu^o^JX 3 8i " 9,e 06,1 88 - * or 

i 1 sssr 9 an a9ent to a 06,1 - * •*»«* 

~JT g :zt ;ir::i invem,on prov,des a - n— 

- - n «. ^rr rr n ;::r ,o ,he — * - — 

desired clinical results c „„ • T, 9 reSUlls - Beneflcial « 

amelioration o o e o " , ' ** " "* to ' —*«■« « 

---.s^rr^^^ 

of disease, delay or slowino nf hi ^ • >reven,ln a *P'ead 
» o, the disease ZTZ 1 " 

de.ecta.le or und^a * ZZZ£T* " — ~ 

endoglycan or fragment th^^T^ a r C ' ei ° **" enCOdi " 9 

— ^^^2:^ - ~ can 

an. Accordmgly. the present invention provides a method of 
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° an ri Cer r iPriSin9 **"■*'•*» a " affective amount of an agonfe, 
that can b,nd endoglycan to a cell or animal in need thereof 

deow^ T* aCWS PreSent inVen " 0n ma * be ""onucleic or 

5 Ze r 0 t and may con,ain na,ura,iy — *« — 

adenme, guamne, cy,os,ne. thymidine and uracil. The oligonucleofides may 
also contam modified bases such as xanthine, hypoxan.hine 2- 
amm^denine. e-memy,, 2 . propyl and ^ ^ ^ » 

hate cy.os.ne 6-aza uracil. 6-a*. cytosine and 6-aza mymine. pseudo uracil 
10 r T^' 8 — 8 ™ adenine. o-hiolalkyi 

'I"™ 8 . aden ' ne ° ther 8 -"~ adenines. 8-ha.o 
9uan nes. 8 «m,no guanine. 8-thio, guanine. s-teiolalky, guanines, 8-hydroxy. 
guanme and other ^substituted guanines, other a2a and deaza uracil 

2T5T ines ' adenlnes ' or ~ — — * - 

" ohos Dh ° ,her nUOtei ° a ° ,dS °' inVen "° n may °°"' ai " -°dified 
Phosphorous oxygen he,e roa ,oms in ,he phosphate backbone, short chain 

alky, or cycloalkyl Intersugar linkages or short chain he.eroa.omic o" 
heterocyclic intersugar linkages. For example, the nucleic acid may 21 
phosphorothioates, phospho.ries.ers. me.hy, phosphonTs a „d 
20 p osphorodlthioates. an embodlmen. of the invel ^ a 
Phosphorate bonds links between the four te six 3,terminus bal Z 
another embod-men, phosphorchioate bonds link all me nucieofides 

.ha. ml!??;; ^ ° fthe me "* 0n may a,8 ° —a nuclide analogs 
25 IT , . SURed 38 * eraPeUt ' C ° r axper.men.al reagents An 

25 example o, a nucleofide analogue is a pepfide nucleic acid (PNA) LJL .he 

deoxynbose (or ribose) phosphate backbone in .he DNA (or RNA) TZl 

wi.h a poiyamide backbone which „ similar te .ha. found 

N»,sen e. a. Science 18B1 . 254 . 1487) . PNA , 

be nas-sten. «o degrade,™ by enzymes and te have extended lives TZ 

ZZZJT ateo b,nd s,ron9er ,0 a -~— » °- -~ - 

to me lack of charge repulsion between me PNA s. ran d and tee DNA stand 
Cher nuce,c acids may contein nucieofides containing polymer backW.' 
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™ T aCyCBC baCkb0neS ' FW ~" - nucleotides may 
have morphol.no backbone structures (U.S. Paten, No. 5,034.506). Nucleic 
aads may atso contain groups sucb as reporter groups, a group J, m pT" 
me pharmacokinetic properties of a nucieic acld. or a group for ImproZ he 

:rzr micpropertieso,an — d - 

Tbe nucteio acids may be constructed using chemical synthesis and 
~ iiga^on reasons using pmcedures known in me art. 2 TucLfc 
ac ds of the mvendon or a fragment thereof, may be chemicaiiy synthJstJd 

ZLT 0CCUmn9 nU °' e0,ideS ° r Vari ° U8,y ™ dWi6d nul^ 
deigned to mcrease the biologica, stability of the moieouies or to increase the 

cell type into which the vector is introduced. «««"med by the 

,0 ,~h • nUC,e ' C addS ^ 66 ' n,roduced in, ° «-«• or cells usino 

rST" ^ ' nC,Udin9 <~ «««■ adenov, J veZ 

and DNA v,rus vectors, or physical techniques such as micromotion te 
nude* acHs may be di rec « y administer /„ vlm or may be use ~„s^ 

nt el a J ^ ' hen adminiS ' 9red ** « -bodimen 

nucleic acids may be delivfwri t« r»„~ »«wii. me 

« liposome formuJon. ° Pha9eS and '° r end ° ,helia ' •* in * 

modu. ? PMe m ' metlCS °' end ° 9lyCan ™ y a,so be »«■«»» ^ endoglycan 
enhancers, pepbde m,met,cs. and the like. All of these peptides as well as 
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Peptide mimetics" are st rucf U res which serve as substitutes for 

r^Tm TT™ betHeen moleou,es (See Moraan et al < 198 ^ A"". 

Reports Med. Chem. 24:243-252 for a review). Peptide mimetic* Include 
synthetic secures which may or may no, contain amino acids and/or peptide 
5 bonds bu, retain the structure, and functional features of a peptide or 
enhancer or inhibitor of the invention. Peptide mimefics also include peptoids 
oltgopeptoids (Simon e, al (1972) Proc. Natl. Acad, Soi USA 89:9367)- and 
peptide libraries containing peptides of a designed .ength representing at, 

10 oT^r" 8 of amino acids cor ~ 9 to - « 

Peptide mimetics may be designed based on information obtained by 
systematic replacement of L-am,no acids by D-amino acids, replacement of 
stde chams wrth groups having different electronic properties, and by 
systemahc replacement of peptide bonds with amide bond replacements 
15 Loca, conformational constraints can also be introduced (o de.en.ine 
confotmahonal requirements for activity of a candidate pepbde mimetic. The 
m,met,cs may include isosteric amide bonds, or D-amino acids to stabilize or 
Pfomote reverse turn conformations and to help stabilize me molecule. Cyclic 
ammo acd analogues may be used to constrain amino acid residues to 

lb? C0 " 0na ' StateS - ™» "*»— can also include mimics of 
mh,b,tor pept.de seconder structures. These stmctores can model me 3- 
d,mens,ona, orientelion of amino acid residues into the known secondary 
™nfcrmahons of proteins. Peptcids may also be used which are oligomers I 
N^ubsb uted amino acids and can be used as motife for the generation o, 

15 chemrcally diverse libraries of novel molecules. 

Pepddes derived from endoglycan isofomts may also be used to 
,dent,,y lead compounds tor drug development. The structur* of the peptides 
descnbed herem can be readily determined by a number of methods such as 
NMR and X- ra y <*y s ta,tog ra p ny . A comparison of the structures of peptides 

0 s,m„ar ,n sequence, bu, differing in the biological acuvit.es me y elicit m targe 

the T, PmVide in,0m,a,,0n ab ° Ut ' he rela.ionsh'p 0 

the target, tatomtation obtained from ,he examination of structure-activity 
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^"onshrps can be US ed ,o design either modified peptide8 , or other sma|| 

reldTr ! COmPOUnd8 ^ "* ,OT 0^ Parties as 

TvlaJd m ° ,eCUte - ^ ^ °' "» tead ^Pounds can be 

evaluated using assays similar to those described herein - 

5 Information about structore-actlvKy retationships may also be obtained 

rem ^crysteliization studies. ,„ these studies, a peptide with a desired 
ac h v,ty ,s crystailized in association with a targe, motecule, and the X-ray 
,tr;: °' ' hS 18 — ■ The struck can then be compa Z 

10 ucb aT S ^ ^ m0,eCU,e te naHV9 

such a companson may be used to design compounds expected to possess 

me destred activity. According*, in one embodiment, endogtycan may be 

s3 T 7 P ° d0Caly,dn and * 6 « - te »mpa Z to the 

ructure of podocaiyxin in its native state, to obtain informal tha, may be 

The present invenlion also includes screening assays for identifying 
agents that modulate endoglycan and that are useful in moduiabng cancel 
growth Agents tha. modulate include agents ma, stimulate endog^ 
(endoglycan agonists) and aqents thai mhihn „ a , ""avcan 
20 antagonists). ' " (^oglycan 

in accordance with one embodiment, the invention provides a method 
tor screemng candidate compounds tor their abi,«y to moduiate the ac«C 

endl , ^ Pr ° Vidin9 a " •* assa^ng 

25 cl J7" 7 ' aSSayi " 9 ' eVe,S in ,h6 "~ °' • .he 

25 cand,da,e or test compound and defending wbemer the compound has 

increased or decreased endoglycan levels. 

Accordingly, the present invention provides a method for identifying a 
compound that modulates endoglycan comprising: 

(a) incubating a test compound with endoglycan or a nucleic 
30 acid encoding endoglycan; and 

(b) determining the effect of the compound on endoglycan 
acbvrty or expression and comparing with a corrtro, (i.e. in the absence*! 
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test substance), wherein a change in the endoglycan activity or expression as 
compared to the control indicates that the test compound modulates 
endoglycan. 

In one embodiment, the screening assay can be used to identify 
5 endoglycan agonists. 

Accordingly, the present invention provides a screening assay for 
identifying an agonist of endoglycan comprising the steps of: 

(a) incubating a test substance with endoglycan; and 

(b) determining whether or not the test substance activates 
10 endoglycan activity, function or expression levels. 

The endoglycan is generally immobilized in the above assays. 
Preferably, the endoglycan is expressed on the surface of a cell, more 
, preferably a cancer cell. 

Since endoglycan and podocalyxin both bind to NHERF, the invention 
15 also provides a method for identifying a compound that modulates NHERF 
comprising: 

(a) incubating a test compound with NHERF or with cells 
expressing NHERF on its surface; and 

(b) determining the effect of the compound on NHERF activity or 
20 expression and comparing with a control (i.e. in the absence of the test 

substance), wherein a change in the NHERF activity or expression as 
compared to the control indicates that the test compound modulates NHERF. 
A change in NHERF activity may include a change in response to endoglycan 
or podocalyxin. 

25 Agents that modulate include agents that stimulate NHERF (NHERF 

agonists) and agents that inhibit NHERF (NHERF antagonists). In one 
embodiment, the screening assay can be used to identify NHERF 
antagonists. 

In all of the above screening assays, the test compound can be any 
30 compound which one wishes to test including, but not limited to, proteins, 
peptides, nucleic acids (including RNA, DNA, antisense oligonucleotides, 
peptide nucleic acids), carbohydrates, organic compounds, small molecules, 
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15 



20 



25 



natural products, library extracts, bodily fluids and other sampies that one 

w.shes.o.es.formodulatorsofendog.ycenorNHERF 

order toTr' 6 " me,h °<* °*> used in 

oe used which comprises anv of th*> m»th«,^ « ... 

populahon simuitaneously to a piurality oftest compounds 

The method of the invention may be "miniaturized" in an assay system 

slides Th« a * 384-wells per plate, micro-chips or 



30 



.^^r^t^'r"™"*""™™-""™-^" 

method of prepanng a pharmaceutical composition for use in 
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modulating cancer cell growth comprising mixing a modulator of endoglycan 
•deMMed according to the screening assay of the invention with a suitable 
diluent or carrier. 

The present invention also includes all business applications of the 
5 screening assay of the invention including conducting a drug discovery 
business. Accordingly, the present invention also provides a method of 
conducting a drug discovery business comprising: 

(a) providing one or more assay systems for identifying a 
modulator of endoglycan; 

10 (b> conduc ting therapeutic profiling of modulators identified in 

step (a), or further analogs thereof, for efficacy and toxicity in animals; and 

(c) formulating a pharmaceutical preparation including one or 
more modulators identified in step (b) as having an acceptable therapeutic 
profile. 

15 In certain embodiments, the subject method can also include a step of 

establishing a distribution system for distributing the pharmaceutical 
preparation for sale, and may optionally include establishing a sales group for 
marketing the pharmaceutical preparation. 

The present invention also provides a method of conducting a target 
20 discovery business comprising: 

(a) providing one or more assay systems for identifying 
modulators of endoglycan; 

(b) (optionally) conducting therapeutic profiling of modulators 
identified in step (a) for efficacy and toxicity in animals; and 

25 (C) licensir >9. to a third party, the rights for further drug 

development and/or sales for modulators identified in step (a), or analogs 
thereof. " 

V. Pharmace utical Compositions 

The present invention includes pharmaceutical compositions containing 
one or more modulators of endoglycan. Accordingly, the present invention 
prov,des a pharmaceutical composition for use in modulating cancer cell 
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growth comprising an effective amount of endoglycan modulator in admixture 
with a suitable diluent or carrier. 

In one embodiment, the present invention provides a pharmaceutical 
composition for use in treating cancer comprising an effective amount of a 
endoglycan agonist in admixture with a suitable diluent or carrier. 

Such pharmaceutical compositions can be for intralesional, 
intravenous, topical, rectal, parenteral, local, inhalant or subcutaneous] 
intradermal, intramuscular, intrathecal, transperitoneal, oral, and intracerebral 
use. The composition can be in liquid, solid or semisolid form, for example 
pills, tablets, creams, gelatin capsules, capsules, suppositories, soft gelatin 
capsules, gels, membranes, tubelets, solutions or suspensions. The 
endoglycan or ligand is preferably injected in a saline solution either 
intravenously, intraperitoneally or subcutaneously. 

The pharmaceutical compositions of the invention can be intended for 
administration to humans or animals. Dosages to be administered depend on 
individual needs, on the desired effect and on the chosen route of 

administration. 

i 

The pharmaceutical compositions can be prepared by per se known 
methods for the preparation of pharmaceutical^ acceptable compositions 
which can be administered to patients, and such that an effective quantity of 
the active substance is combined in a mixture with a pharmaceutical^ 
acceptable vehicle. Suitable vehicles are described, for example, in 
Remington's Pharmaceutical Sciences (Remington's Pharmaceutical 
Sciences, Mack Publishing Company, Easton, Pa., USA 1985). 

On this basis, the pharmaceutical compositions include, albeit not 
exclusively, the active compound or substance in association with one or 
more pharmaceutical^ acceptable vehicles or diluents, and contained in 
buffered solutions with a suitable pH and iso-osmotic with the physiological 
fluids. The pharmaceutical compositions may additionally contain other anti- 
cancer agents. 1 

A pharmaceutical composition comprising the nucleic acid molecules of 
the invention may be used in gene therapy to treat cancer. Recombinant 
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molecules comprising a nucleic acid sequence encoding endoglycan molecule 

of the invention, or fragment thereof, may be directly introduced into cells or 

tissues in vivo using delivery vehicles such as retroviral vectors, adenoviral 

vectors and DNA virus vectors. They may also be introduced into cells in vivo 

5 using physical techniques such as microinjection and electroporation or 

chemical methods such as coprecipitation and incorporation of DNA into 

liposomes. Recombinant molecules may also be delivered in the form of an 

aerosol or by lavage. The nucleic acid molecules of the invention may also be 

applied extracellularly such as by direct injection into cells. 

10 The following non-limiting examples are illustrative of the present 

invention: 

EXAMPLES 
Example 1 

15 Tissue Distribution of C Q34 Family Bgejnbers 

Data was compiled from published analyses on human and mouse 
CD34, Podocalyxin and Endoglycan (Krause 1996, McNagny 1997, Doyonnas 
2001, Sassetti 2000) and from our unpublished observations on mouse 
Endoglycan. Endoglycan and Podocalyxin expression profiles were 
generated using unpublished data obtained from: 1) Northern blots of 
hematopoietic lineage cell lines, 2) RT-PCR of sorted hematopoietic subsets 
from bone marrow, 3) antibody stains and flow cytometry analysis using 
existing antibodies to CD34 (RAM34) Podocalyxin (PCLP1) and 4) 
Immunohistochemistry using the same antibodies. Results are shown in Table 
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Preparation of Monoclonal Antibody w ith specific binding against 
Endoolvcan 

To make the rat monoclonal antibody, rats were immunized with a 
peptide corresponding to sequence from the extracellular domain: V A S M 

EDPGQAPDLPNLPSILPKMDLAEPPWHM 

P L Q G G C linked to KLH and boosted with the entire extracellular domain 
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fused to the Fc portion of Rabbit lgG1. Hybridomas were made using 
standard protocols and antibodies from these hybridomas were screened for 
reactivity with the peptide and Fc-fusion protein by ELISA. They were also 
screened for the ability to stain a rat myeloma cell line, Y3, which had been 
5 transfected to express full length Endoglycan. One antibody passed all 
criteria (F4B10). This antibody did not react with Y3 cells expressing CD34 or 
Podocalyxin so the antibody is specific for Endoglycan and not related family 
members (Figure 3). In addition, this antibody reacts with mouse and human 
Endoglycan and so it may be a useful reagent for both species. 

10 

Expression of Endoglycan in relation to Podocalyxin 

Endoglycan and Podocalyxin have a mirror image pattern of 
expression in breast cancer cell lines (Figure 4). In MDA-231: metastatic 
tumor line where cells are non-polarized, Podocalyxin expression is high, 

15 whereas Endoglycan expression is negative. In MCF-7, a relatively non- 
metastatic line, cells maintain normal polarity, Podocalyxin expression is low, 
whereas Endoglycan is highly expressed. In T47D: a relatively non-metastatic 
line, cells maintain normal polarity, Podocalyxin expression is low, whereas 
Endoglycan expression is high. This was determined by indirect 

20 immunofluorescence using our new antibody and flow cytometry (FACS). 

Function of Endoglycan: 

Despite Endoglycan's similarity to CD34 and Podocalyxin, it may have 
a different function. Endoglycan was expressed in CD34/CD43 deficient mast 

25 cells. Pure mast cell cultures can be obtained by culturing mouse bone 
marrow in IL-3 for > 4 weeks. Although normal mast cells grow in single cell 
suspensions, mast cells grown from CD34/CD43 KO mice tend to form large 
aggregates. Infection of mast cells with a retrovirus expressing ectopic CD34 
reverses this aggregation and suggests that the normal function of CD34 is to 

30 block adhesion. In side by side experiments, ectopic expression of 
Endoglycan had no effect suggesting that it does not block adhesion and may 
instead have a pro-adhesive function. (Figure 5). 
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Since Endoglycan and Podocalyxin have very similar sequences in the 
cytoplasmic domain, they may be natural antagonists of each other: 
Endoglycan may promote adhesion, maintain cell polarity, and block 
metastasis, and Podocalyxin may block adhesion and decrease cell polarity 
and increase metastasis. One theory is that endoglycan and podocalyxin 
compete for binding to NHERF1; a molecule that has previously been shown 
to link Podocalyxin to the the actin cytoskeleton (Takeda et al., 2001). This 
then would allow these molecules (with opposing functions) to compete for 
localization in adhesion structures. 

While the present invention has been described with reference to what 
are presently considered to be the preferred examples, it is to be understood 
that the invention is not limited to the disclosed examples. To the contrary, the 
invention is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 
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Table 1 :Tissu Distribution of CD34 Family Members 
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WE CLAIM : 

1 . A method of detecting cancer in a patient comprising: 

(a) obtaining a sample from the patient; 

(b) determining the level of endoglycan in the sample; and 

(c) comparing the level of endoglycan in the sample to a control 
sample, wherein decreased levels of endoglycan as compared to the control 
indicates that the patient has cancer. 

2. A method according to claim 1 wherein the cancer is breast cancer. 

3. A method according to claim 1 wherein the level of nucleic acid 
molecules encoding endoglycan are determined in step (b). 

4. A method according to claim 3 wherein the level of expression of 
endoglycan mRNA is determined. 



5. A method according to claim 1 wherein the level of endoglycan protein 
is determined in step (b). 

6. A method according to claim 5 wherein an antibody is used to 
determine the levels of the endoglycan protein. 

7. A method of detecting cancer in a patient comprising: 

(a) obtaining a sample from the patient; 

(b) determining the level of endoglycan and podocalyxin in the 
sample; and 

(c) comparing the ratio of endoglycan to podocalyxin in the sample 
to a control sample, wherein a decreased ratio as compared to the control 
indicates that the patient has cancer. 



A method according to claim 7 wherein the cancer is breast cancer. 



5 
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9. A method according to claim 7 wherein the level of nucleic acid 
molecules encoding endoglycan and podocalyxin are determined in step (b). 

10. A method according to claim 9 wherein the levels of expression of 
endoglycan mRNA and podocalyxin mRNA are determined. 

11. A method according to claim 7 wherein the levels of endoglycan protein 
and podocalyxin protein are determined in step (b). 



10 12. 



A method according to claim 11 wherein antibodies are used to 
determine the levels of the endoglycan protein and the podocalyxin protein. 

13. A method of monitoring the progression of cancer in a patient 
comprising: 

15 < a > obtaining a sample from the patient; 

(b) determining the level of endoglycan in the sample; 

(c) repeating steps (a) and (b) at a later point in time and comparing 
the result of step (b) with the result of step (c) wherein a difference in the level 
of endoglycan is indicative of the progression of the cancer in the patient 



14. 
15. 



A method according to claim 13 wherein the cancer is breast cancer. 



A method according to claim 13 wherein the level of nucleic acid 
molecules encoding endoglycan are determined in step (b) 

25 

16. A method according to claim 15 wherein the level of expression of 
endoglycan mRNA is determined. 

17. A method according to claim 13 wherein the level of endoglycan 
30 protein is determined in step (b). °og,ycan 
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18. A method according to claim 17 wherein an antibody is used to 
determine the levels of the endoglycan protein. 

19. A method of monitoring the progression of cancer in a patient 
5 comprising: 

(a) obtaining a sample from the patient; 

(b) determining the level of endoglycan and podocalyxin in the 
sample; 

(c) repeating steps (a) and (b) at a later point in time and comparing 
10 the result of step (b) with the result of step (c) wherein a difference in the ratio 

of endoglycan to podocalyxin is indicative of the progression of the cancer in 
the patient. » 

20. A method according to claim 19 wherein the cancer is breast cancer. 

15 

21. A method according to claim 19 wherein the level of nucleic acid 
molecules encoding endoglycan and podocalyxin are determined in step (b). 

22. A method according to claim 21 wherein the levels of expression of 
20 endoglycan mRNA and podocalyxin mRNA are determined. 

23. A method according to claim 19 wherein the levels of endoglycan 
protein and podocalyxin protein are determined in step (b). 

25 24. A method according to claim 23 wherein antibodies are used to 
determine the levels of the endoglycan protein and the podocalyxin protein. 

25. A method of determining whether or not a cancer is metastatic in a 
patient comprising: 
30 (a) obtaining a sample from the patient; ° 

(b) detecting the level of endoglycan in the sample; and 
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(0 comparing , he tevel of endoglycan ,„ , he samp|e ^ g 

ZUTT 3 dSCrea8ed ' eVel °' end ° 9ly0an 85 *• co ntrol 

indicates that the cancer is metastatic. 



5 26. A method according to claim 25 wherein the 

i 

27. A method according to claim 25 wherein the level of 



molecules encoding endoglycan are determined in step 



cancer is breast cancer. 

nucleic acid 



(b). 



10 » A method according to claim 27 wherein the level of expression of 
endoglycan mRNA is determined. 

2a A method according to claim 25 wherein the level of endoglycan 
protein is determined in step (b). 

15 

30 A method according to claim 29 wherein an antibody is used to 
determine the levels of the endoglycan protein. 

20 o 3 lnt A meth ° d ° f determinln9 Wh6ther " ^ 3 ° anCer iS a 
<£0 patient comprising: 

(a) obtaining a sample from the patient; 

^ (b) deteoting the level of endogiycan and podocaiyxin in me sample; 

(O comparing the ratio of endoglyoan to podooalyxin in the sample to a 
25 contro. sample, wherein a decreased ratio of endoglyoan ,o podoca^n as 
compared to , he oon.ro! indicates that (heoanoer is metastatic 

32. A method according to claim 31 wherein the cancer is breast cancer. 

30 !L ? me ' h0d aC °° rdin9 '° C ' aim 31 Wherein the leve > * n«c.eic acid 
moiacules encodtng endogiycan and podoca*xin are determined in step <b, 
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34. 



A method according to claim 33 wherein the levels of expression of 
endoglycan mRNA and podocalyxin mRNA are determined. 

35 A method according to Cairn 31 wherein the levels of endoglycan 
5 proton and podocalyxin protein are determined in step (b). 

36 A method according to claim 35 wherein antibodies are used to 
determ,ne the levels of the endoglycan protein and the podocalyxin protein. 

10 cU k " ^ ! eMnS CanC9r " Pa0enX Com " risi "8 © «agen* *» 
conducing a method according to claim 1 and (ii) instructions for fts use. 

38. A kit according to claim 37 wherein the reagents comprise nucleic acid 

15 L"ivT T'"*" 9 mRNA eodin9 ,or end09lyran a *— **- 

15 polymerase chain reaction. 

8 3 L^rT, 9 ,o c,aim 37 wherein *• reaaen,s « e 

specific to the endoglycan protein. 

20 40 A kit for detecting cancer in a patient comprising (i) reagents for 
conducing a method according to Cairn 7 and (ii, instructs lor u use 

□LJT T" ,0 ° ,aim 40 Whe ' ein * e r6a9en,s «"""*• «— o acid 
pnmers for amp.Hymg mRNA coding for endogiycan and podocalyxin in a 
25 reverse transcriptase polymerase chain reaction. 

s 4 Li«c A , k l aCCO r g '° ^ 40 Where ' n ,he rea9en,s ^'bodies 
specie to the endoglycan protein and the podocalyxin protein. 

Lent? T" 0 * 9 Pr0greSSi0n °' ranoer ,n a P—* ^sing (i) 
for il use UCMn9 3 me ' h0d aCC ° rd,n9 * -» 13 - <«> <~s 
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44. A kit according to claim 43 wherein the reagents comprise nucleic acid 
primers for amplifying mRNA coding for endoglycan in a reverse transcriptase 
polymerase chain reaction. 

5 

45. A kit according to claim 43 wherein the reagents comprise antibodies 
specific to the endoglycan protein. 

46. A kit for monitoring the progression of cancer in a patient comprising (i) 
10 reagents for conducting a method according to claim 19 and (ii) instructions 

for its use. 

47. A kit according to claim 46 wherein the reagents comprise nucleic acid 
primers for amplifying mRNA coding for endoglycan and podocalyxin in a 

15 reverse transcriptase polymerase chain reaction. 

48. A kit according to claim 46 wherein the reagents comprise antibodies 
specific to the endoglycan protein and the podocalyxin protein. 

20 49. A kit for determining whether or not a cancer is metastatic in a patient 
comprising (i) reagents for conducting a method according to claim 25 and (ii) 
instructions for its use. 



25 
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50. A kit according to claim 49 wherein the reagents comprise nucleic acid 
primers for amplifying mRNA coding for endoglycan in a reverse transcriptase 
polymerase chain reaction. 

51. A kit according to claim 49 wherein the reagents comprise antibodies 
specific to endoglycan protein. 
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52. A kit for determining whether or not a cancer is metastatic in a patient 
comprising (i) reagents for conducting a method according to claim 31 and (ii) 
instructions for its use. 



53. A kit according to claim 52 wherein the reagents comprise nucleic acid 
primers for amplifying mRNA coding for endoglycan and podocalyxin in a 
reverse transcriptase polymerase chain reaction. 

54. A kit according to claim 52 wherein the reagents comprise antibodies 
specific to the endoglycan protein and the podocalyxin protein. 

55. A method of modulating cancer cell growth by administering an 
effective amount of an agent that modulates endoglycan to a cell'or animal in 
need thereof. 



56. A method of inhibiting cancer cell growth or treating cancer comprising 
administering an effective amount of endoglycan agonist to a cell or animal in 
need thereof. 



57. A method according to claim 29 wherein the endoglycan agonist is a 
nucleic acid encoding endoglycan or a fragment thereof. 

58. A method according to claim 29 or 30 wherein the cancer is breast 
cancer. 

59. A method for identifying a compound that modulates endoglycan 
comprising: 

(a) incubating a test compound with endoglycan or a nucleic acid 
encoding endoglycan; and 

(b) determining the effect of the compound on endoglycan activity or 
expression and comparing with a control, wherein a change in the endoglycan 
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activity or expression as compared to the control indicates that the test 
compound modulates endoglycan. 

60. A screening assay for identifying an agonist of endoglycan comprising 
the steps of: 

(a) incubating a test substance with endoglycan; and 

(b) determining whether or not the test substance inhibits endoglycan 
activity, function or expression levels. 

61 . A pharmaceutical composition for use in modulating cancer cell growth 
comprising an effective amount of endoglycan modulator in admixture with a 
suitable diluent or carrier. 



62. A pharmaceutical composition for use in treating cancer comprising an 
effective amount of an endoglycan agonist in admixture with a suitable diluent 
or carrier. 
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ABSTRACT OF T HE DISCLOSURE 

Methods and kits for detecting cancer and monitoring cancer 
progression are 1 described. The method involves analyzing a sample 
containing nucleic acids or proteins from a patient for decreased expression of 
endoglycan. 



Fig. 1 : Genomic loci, motifs and splicing 
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Fig. 5: Failure of Endoglycan to Inhibit mast cell aggregation 
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